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INTRODUCTION

Some recent reports suggest that there may be an association
between cystic fibrosis (CF) and cancer, particularly
digestive tract cancer1'2. One-third of all patients now
attain adulthood. With increased survival, it is possible that a
predisposition to malignancy, previously obscured by the
short life-span of these patients, will become evident.
However, in a large international survey we could
demonstrate that the overall risk of cancer in patients with
cystic fibrosis is similar to that in the general population and
that there is about a 6 fold excess of digestive tract
tumours3.

In the present paper we report the European data, which
were collected during January 1985 through July 1992 in 17
European countries, which were included in part in the
previous report3.

METHODS

To study the frequency of cancer in patients with CF, we
requested information about the occurrence of cancer from
377 centres or physicians who treat patients with CF in 17
European countries. Additional cancer information was
received directly from the UK CF Survey. The countries
responding to our requests included all those shown below.

Austria
Denmark
Germany
Iceland
Italy
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Finland
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6
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Not reported

Belgium
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120
350

6000
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The numbers of CF patients in these countries were
based on reported incidence data of the national CF
associations. In the questionnaire, the following questions
were asked: (1) number of patients currently under
treatment in the specialized centre; (2) length of the
observation period of the patients reported; (3) number of
cases with cancer; and (4) cancer patients' data as age, sex,
race, vital status, date of diagnosis, type of cancer and
confirmation by histology or autopsy and if available the
determined genotype.

The ninth revision of the International Classification of
Diseases (ICD) was used to classify cancers into five major
groups: digestive (ICD Nos 150-159); brain (ICD Nos 191-
192); lymphoma (ICD Nos 200-202); leukaemia (ICD
Nos 204-208); all others.

Several statistical models were used to analyse data4.

(1) Comparison was made between the observed distribu-
tion of different types of cancer in the CF patients with
the expected distribution of cancer in the background
population of each country, after adjusting for sex and
age. Furthermore, the ratio of observed cases of specific
types of cancer divided by the expected number of
cancers multiplied by 100 defines the proportional
incidence ratio (PIR)-the measure of risk reported; 5
year age-bands were used to adjust for age.

(2) The PIR can be expressed as PIR=(R/E) x 100 where
R=observed number of cancer cases in the CF group of
interest and E=expected number of cancer cases in the
CF group of interest. The expected number of cancer
cases (E) is obtained as follows:

E = Eiti(riltl*)

4'=number of cases of the cancer group of interest in the age
group i in the standard population

t,*=number of cases of cancer (all sites) in the age group of
the CF study group

t,*=total number of cases of cancer in age group i of the CF
group

For the estimation of the standard error of the PIR the
conservative method by Breslow and Day was used:
SE(logPIR)= 1 /RO-538
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Since we could not define a consistent cohort in Europe,
the data were also analysed with the method of a case
control study, where the referent population induded all
cancer patients, and the exposure variable being CF. The
calculated odds ratio then expressed the strength of the
association between CF and any type of cancer.

RESULTS

In the 17 countries approximately 24 500 patients were included.
The overall response rate to the questionnaire was 66%; for UK,
Italy, Germany, Sweden and Denmark it was 88%.

The final group consisted of 39 patients (13 females, 26
males) with cancer diagnosed during the years 1982-1993.
Mean age of the patients at the time of diagnosis of cancer
was 21.5 + 15.9 years (standard deviation, range 0.5-63
years). Twenty-two patients (56%) died during the study
period. The number of cancers reported by country were:

UK
Germany
Sweden
Austria
Spain

12
7
2
1
I

Italy
France
Denmark
Hungary

10
3
2
1

The distribution of tumours was as follows: digestive
tract= 11 (oesophagus= 1, small intestine= 1, large bowel=6,
pancreas=2, intestinal tract, other=1); lymphoma=5;
leukaemia=6, brain=3; other=14 (oral cavity=1, lung=1,
soft tissues=2, female reproductive=1, testis=2, eye=1,
thyroid=2, endocrine=3, myeloma= 1). The data of location
of the tumours and their association with CF is shown in
Table 1. In this table comparisons for digestive tract cancers
were made to controls including all patients with CF and all
other types of cancer: for tumours at other sites, the
controls were patients with CF and all other types of non-
digestive tract cancer. If age and sex standardized proportion
ratios were used the highly significant proportional incidence
ratios for digestive tumours, even in subsites, were obvious
(see Table 2). Of the 39 tumours, 37 (95%) were
histologically verified: the final pathological diagnosis, the
city and country from where the cancer was reported, the
age, sex and whether the patients died or are still alive, are
given in Table 3. Three cancer patients were excluded from
the analysis, since they were diagnosed before 1977 and two
unclear cases were omitted due to unclear histological and
clinical diagnosis. Table 4 depicts the distribution of
identified cancer cases by age, sex and tumour type, and
Figure 1 shows the geographical distribution of cancers
found in Europe.

DISCUSSION

As in the USA survey we observed a strong association
between digestive tract cancers and CF: odds ratio=6.4

(95% confidence limit: 2.9-14). In the CF population in
Europe the excess of digestive cancer was similar to that
reported in the North American CF population with an odds
ratio of 6.5. One previous cohort study based on data from
the National Cystic Fibrosis Registries in the USAI and
another from a single hospital in the UK have examined the
risk of cancer in patients with CF2. In both studies an
increased risk of digestive tract cancer was found. In the
present study, which is a part of an international
collaborative study between Europe and US/Canada CF
centres3, based on data from the majority of CF patients in
17 European countries, there is also a definite increased risk
of gastrointestinal cancers.

PIR, obtained by dividing observed by expected cancer
cases, was significantly elevated for all digestive tumours
with a PIR of 377% (95% confidence limit: 209-680%).
The highest proportional incidence ratio, 1132% was
observed for pancreatic cancer. Furthermore, an excess of
endocrine tumours (n=3) and myeloma (n=1) was observed
(P=0.01), but these findings were based upon very small
numbers.

In fact there are now three conclusive studies reporting
an excess of cancer in one of the major organ systems known

Table 1 Association between cystic fibrosis and cancer in Europe

Type of tumour n Controls Odds ratio (95% C/)

Digestive tract* 1 1 28 6.4 (2.9-14.0)

Lymphatic or blood 12 16 1.4 (0.6-3.2)
All other 16 12 0.7 (0.3-1.6)
Total 39

*Digestive tract tumours include (n): Oesophagus (1); bowel (7); pancreas (2);
retroperitoneal (1)

Table 2 Observed and expected tumours in European cystic fibrosis
patients

PIR
Cancer site Observed Expected PIR (O6) (95%CI)

Digestive tumours 11 2.92 377 209-680

Bowel, colon, 6 1.35 446 200-993
rectum

Pancreas 2 0.17 1144 286-4574

Soft tissues 2 3.32 60 15-241

Testis 2 4.84 41 10-165

Thyroid 2 1.15 1 74 44-696

Brain tumours 3 4.82 62 20-193

Lymphomas 6 6.16 97 44-217

Leukaemias 5 5.49 91 38-219

Other tumours 8 10.29

PIR=Proportional incidence ratio; Cl=confidence interval 39



JOURNAL OF THE ROYAL SOCIETY OF MEDICINE Supplement No. 27 Volume 89 1996

U))>) >) ) ) U w w> >. ° ) U) U) U) U)

O n nOnOoOa n a O On a nO O o -] in mOoOOoom

C-J ) CC) CC) (D C CO 0O C-J C\ N 00) CC) CO C\l t CO N- C~J Cl C\J COl U<) C\l

0)0) 0) 0) 0) 0) 0) 0J) 0) 0) 0) 0) 0) 0) 0) 0) 0) 0)0) 0) 0) 0) 0) 0) 0)

II.- ~E E EE

)O U) 0 0 0 0) U) C C
0 0 000 - U) 0 LC

J C\J CJ -r c

O C O a) CO
o C) 0 t 0c- ,-

CO 't CJ CO CO U) CO
LO 0 0 0 O ULLO 0 0

C IN

CO o- cj NN 0- U) N- C CC) ,- I- N 0 O oN ,- LO N 0) CO IN N- s cj
N IN- - c - IN IN IN sN,- IN IN CI CI -CCD CO CO

a-

c)

-o
co E C
E co .)
0 E C)

Cf

a5Z) U)i
o E E n co E .'

Ec 0Z 0c ]
C 00

U0

<) z EC C) CO

D coCI

E
0 0

0

E E
co

>

Et U)) 0
C CO

o

E-a *: a)
U)

a a

E ~~~~~~~~~o coU )c

a) (D E

E- E c +-c E0C
a)75 -3 C 0~

CD a o-co E -E

a1
, )EE L (

a) U) 0 .c: U) 0 0 C
C) OZ Z < 0)

& -a -& - -o :6 : -o -o :6
0) CC) N-_

m
CYO)C CM 0Q COOC) Oc Oco 0)CO ) 0) 0)

0)0 )
0 a

0) 0) 0) 0)
M 7- -r- T- M v- T- T- T- M M r U) U) U) U) 'e

0 -\ 5- C

OIN -CO
o) 0 0) 0)
0)0) 0) 0)

Ir U),-,- X U)

0 C 0 CCIMNCD COC) CCIN -N-N-CO r- r- 0 CMC COC 0) -r(0COO0
CC C N-_ N- CO N- CC Nl- CC CC CO N- CC CC CC N- 0) L)CO CC NP- N- ,- CC "; CO
0 0 0) 0) 0) 0 0) 0) 0 0) 0) 0 0) 0) 0C) 0) 0) 0) 0) 0)
v- cn- yl cl v- T- r, Il v-

cn
yl T- T-

cn
T- T- T-

cn
y-

U) U) U)
CO 0

c C C

Cn) 11 LL IL

>1 > >% > > > >

X ct 'o ' cO ' c

E E E E E E E , -, -> ,

C

U) :)L 0)
co DC co
co E D

E
f0) I0 coOI-rmo

U) UY) >

C: C c o) a) a) a)

Ul0OU) ; c a) co

O- >) COw

C c C
U) U) U)0 0

>. > >2 > U U) U)
U U ) U

cn cn
)

D

N > C: oC O 8 U)X U) C, 0 a) E E °C°
0 C CO E E 0 0

U)CD U) 0 0 U) U
E IC92 CEcE> >

a)

0) 0) (1
C C: -c

70 70 70 0I 7
D cI

IIr 2

lb%

1..

0

0
aI

0

0

o
0

I-

-cu

0*

0

0
c
)5
c
0

o¢

E

0

LU
S

N.

a

0

2

'I
0

0

2

II

-o
CU

-y y
U) U) U)
m co co

D) U) U)
<0c

40

4- +- E E E E E E E E .- E E E .- E E ..- .-



JOURNAL OF THE ROYAL SOCIETY OF MEDICINE Supplement No. 27 Volume 89 1996

a) a) U) U) U) a) a) Cl) C a) a) a) a)

CU) () I) ~t CO ns U)CI - () 0 I

Co 0) CC
'It CD C 0

E E E E E E E

CM 00) C' 1- N- ) ) C'l
o0 IC) CO IC) 0 IC) ILO - 0 IC ) 0 C

10L
CY) CY)

C)
co

0 0 C CO " 0
(U) C 0) 0 C\)

0 CD C N-

U1)
cn coc
E E

a)a) a)

E ", a0,a) CD oE

E °l a) *.-t <)EOo

0a) O U ct DU)

F1. co co

0 Eo
CIO C3oa 20 c E E CE

-o CO U) U)t

U) CDUD 0\l (U)EOs s 0 00
a) U) 0

U)- co o
5 0 0U

~~~~~~~4- CZ C"
c U) 0c c = a)

-~ E
a) -2 co 0

CD CZ 0)

c 0 0C) EO

o0 0) a) 0) 0) 0)

U) U) U) U)a) a) a) C a)
> >- >- z >-

Ir 2 < Ir I

O>CH-mO-OC C[ 00

100)0) (UC) 0Y)
0) N-rN 0)co
0) 0) C) C)

E E ,- E .-

0)0 T-O 0 0)CT

,,c:l- - C\l
C\)

't C)
tr C\i

a) X
(U '

_) a)

CU _ C "

U)- (U U3)

U) Ca) a) C
^cos CZ CE U

) C o c

CO
0)

CIO COU)

0)0L) N;- CY 0)
0)0)) 0)t0) CY 0 CY) 0

>1 C:
U) a)
0) -acU a)

EU

E

DD DD DD DD DD D DI N-CC)D D DOC

a)_CD
0

D t~~~~~~n
> >> >> >> > > > >> > > ~~~~~~~~co-0 > E cc5 >a) U)o
U) U) U) U) U) U) a) U) U) (U a) U) ) 0 a)

3 X22 2 2 2 2 2 2 2 > 0 ca>~~~~~- -U) >

0UO LL l U1- IL IL IL U0I I O-11 ° C (U U U
OZ () ()() O(O D O Z D ( I

C/)
-)
0)

E

.c

m
0

U)

CO0

E
>
cn

a)
.2)

70

11

a
8

i6

-

E

-o

Co

U)

c

Q

a)

-o
Q

CU

E

11

Z6
c

C U)08
7-

0 00 E
E

0

C

C- a)

a).
U c)

co

0

-EO

a) a)

Yco

<a

U) N'

80
01

8o )

0) U)

00

E E
a) a

Co

<

11 _1

.I
I>-

o j
co o

E '\9
.F

ao
E c\
Z>,

-0 EI >

Z 41



JOURNAL OF THE ROYAL SOCIETY OF MEDICINE Supplement No. 27 Volume 89 1 9966

Table 4 Distribution of cancer cases by age, sex and tumour type

Females Males

*++ 0-4

+ 5-9 #

10-14

*0 15-19

#*0 20-24

* 25-29

30-34

* 35-39 0

40-44

45-49

50-54

55-59

60-64 *H
65+

*-Digestive tract (1CD9 150-9)
*-Leukaemias (1CD9 204-8)
*-Lymphomas (ICD9 200-2)
+-Brain tumours (ICD9 191-2)
*-Other tumours

to be disrupted by the disease process. Interestingly, this
excess is confined to the gastrointestinal tract, whereas only
one tumour originated from the lung was found. If the CF
gene was itself responsible for cancer in these patients, then
one would have expected to see a more uniform increase in
the risk of cancer in various organ systems. It seems much
more likely that the excess risk of gastrointestinal cancer in

Figure 1 Geographic distribution of cancer cases in European
cystic fibrosis patients. A=Digestive; *=non-digestive

these patients is caused by a secondary effect of the CF
disease process on the digestive organs. Some degree of
pancreatic insufficiency and disturbed intestinal motility is
common in the majority of CF patients. Persistent
pathologic alterations in digestive tract organs, perhaps
associated with increased cell turnover, might well be the
mechanism eventually leading to excess cancer.

There could be other possible explanations for our
findings. In particular, this study relied upon the ability of
physicians to report information about patients with cancer
over a 12 year period. An apparent excess of digestive
cancers would be observed if physicians were more likely to
remember and report digestive tumours and to overlook
non-digestive tumours. Such a differential bias seems
unlikely, since the findings of the two previous studies were
unknown well after data collection was initiated for this
study.

Finding an excess of digestive cancer in this proportional
incidence study would result if cystic fibrosis selectively
protects against non-digestive tract tumours. Under this
unlikely circumstance, digestive tract tumours would appear
to be increased. The study could also be biased if there were
a large excess of non-digestive tract tumours in those
countries with low response rate. However, when we
restricted the analysis to those countries with a high response
rate-UK, Scandinavia, Italy and Germany-the excess risk
was still present (PIR 374%; 201 %-696%CI). Five cancers
in this study, including three digestive tract tumours, have
been previously included in a cohort study from the UK2.
When we removed these cases to restrict the analysis to
previous unreported cases, the excess of digestive tract
cancer remains (PIR 385%; 1930/o-770%CI).

One hundred and eighty-three centres supplied demo-
graphic data about the average number of patients under
observation, sex, age distribution and length of observation
period. For these centres we could calculate an approximate
estimate of the incidence of cancer in patients with CF,
based upon age and sex-specific person-years data. For these
centres a total of 27 cancers were observed compared to
25.1 expected. For digestive cancers seven tumours were
observed versus 1.16 expected (P=0.007). This analysis
suggests that the overall risk of cancer in patients with CF is
not increased and confirms the excess of gastrointestinal
tumours.

It appears that CF must be added to the growing list of
genetic disorders that are linked to cancer. Despite the fact
that genotype information was available in only 27.6% of the
patients and the homozygous delta F508 genotype was
present in 67% one must assume that the linkage of cancer
to the digestive tract is indirect and could be explained by
organ damage induced by CF.

It has been suggested that generally adopted cancer
screening methods such as determination of blood in stool42
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might be helpful. If one takes all reported cancers of the
gastrointestinal tract in CF patients in North America and
Europe into consideration, the actual number was small-
only about 2-3 tumours per year. Only a single tumour each
year would arise in the small or large bowel where
examining the stool for blood, and, because false positive
tests are common, testing for occult blood in CF patients
seems not a valid option at this time. The risk of cancer,
however, is likely to persist or even increase since longevity
under improved therapy conditions or even under lung-gene
therapy will increase.
We conclude that the risk of digestive cancer is

significantly elevated in patients with CF and we anticipate
that the frequency of cancer, and particularly digestive
cancer, will increase as the life span of CF patients increases.
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